also been demonstrated that multiple genetic variants of M. pachydermatis occur on dog skin [7][8][9][10][11][12] and that the sequencing of Malassezia spp. nuclear ribosomal DNA regions (e.g., large subunit, LSU, and fi rst internal transcribed spacer, ITS-1) and chitin synthase 2 gene ( chs-2) are useful in genetic and epidemiological investigations of the occurrence of the yeast in dog populations [10,11]. To our knowledge, the association between M. pachydermatis genotypes and the skin damage they cause has never been investigated. Thus, the present investigation aimed at: (i) identifying M. pachydermatis genotypes isolated from the skin of dogs with and without dermatitis in Brazil, (ii) studying the association between Malassezia Little detailed information is available on the association of Malassezia pachydermatis genotypes and the extent of skin damage that they cause. In the present study, isolates of M. pachydermatis , recovered from the skin of healthy dogs and dogs with dermatitis in Brazil, were characterized on the basis of partial sequencing of the large subunit (LSU), fi rst internal transcribed spacer (ITS-1) and chitin synthase 2 gene ( chs-2). The determination of phospholipase production was also included in the investigations. The severity of lesions and hyperpigmentation of dogs with skin disease were evaluated. For each locus, two main sequence types were designated as genotypes A and C. Two other minor sequence types (A2 I -C2 I ) were also recorded and defi ned for the ITS-1. Genotype A isolates were the most prevalent, being recovered from healthy and diseased animals. No signifi cant difference was detected among genotypes or ITS-1 sequence types and grades of skin damage or hyperpigmentation in the dogs with skin lesions. The number of M. pachydermatis isolates that produced phospholipase was statistically higher for diseased dogs than for strains found in healthy animals. The present study reveals that multiple genetic variants of M. pachydermatis occur in dogs and that the distribution patterns of particular genotypes on the skin of dogs in Brazil might be related to environmental and ecological factors which maintain distinctive genotype assemblages in specifi c geographical areas.
Introduction
Malassezia pachydermatis can be recovered from the skin of dogs with various forms of dermatitis, as well as from healthy dogs. This yeast is often described as highly proinfl ammatory [1] due to its capacity to produce enzymes such as phospholipases [2, 3] and/or metabolites that cause infl ammation reactions or hypersensitivity [4] [5] [6] . It has genotypes and grade of skin damage and, (iii) evaluating the phospholipase activity with respect to the genotype of isolates recovered from diseased and clinically healthy dogs.
Materials and methods
One hundred and sixty-eight Malassezia isolates (three from each dog) were recovered from skin samples of 56 Brazilian dogs with or without skin lesions and were maintained on modifi ed Dixon agar [3] . These test strains were divided into the following two groups; Group I ϭ 84 isolates collected from skin sites on 28 healthy dogs and Group 2 ϭ 84 isolates collected from skin lesions of 28 dogs with dermatitis. The extent of the lesions of dogs in Group 2 was evaluated using the Canine Atopic Dermatitis Extent and Severity Index (CADESI-03) and reported as severe (Ͼ16) and middle (Ͻ16) with 20 as maximum score value for each dog [13] . Hyperpigmentation was also evaluated and reported as 'none, mild or severe'. M. pachydermatis isolates were identifi ed microscopically, based on their morphology and ability to grow on media without lipid supplementation (Sabouraud dextrose agar, Liofi lchem Diagnostici @ , Teramo, Italy) and molecularly classifi ed based on LSU, ITS-1 and chs-2 partial sequencing as previously reported [10, 12] . Sequences were compared with the M. pachydermatis sequences available in the GenBank TM database for each locus investigated (i.e., M. pachydermatis accession nos. DQ915500, DQ915501, DQ915502, DQ915503, DQ915504, DQ915505, DQ915506,DQ915507, DQ915508, DQ915509, EU158827, EU158828 and EU158829). Sixty-one isolates (29 from Group 1 and 32 from Group 2) were employed in studies of phospholipase production using the semiquantitative egg-yolk plate method [4] . The Chi-square test was used to compare the occurrence of M. pachydermatis sequencetypes and phospholipase-positive strains within each group, between groups and between animals with different grades of skin damage and hyperpigmentation. A value of P ഛ 0.05 was considered to be statistically signifi cant.
Results
Sequencing of amplicons revealed two LSU sequence types (designated A L and C L ), two chs-2 types (designated A C , and C C ) and four sequence types of the ITS-1 (designated A1 I , A2 I , C1 I and C2 I ) ( Table 1 ). All the chs-2, LSU and ITS-1 sequence types were identical to those previously determined (accession number DQ915500, DQ915502, DQ915503, DQ915505, DQ915506, DQ915507, DQ915509, EU158827 [10, 12] . Accordingly, isolates with the concordant sequence types A L , A1 I + A2 I and A C were designated as genotype A, and those with sequence types C L , C1 I + C2 I and C C as genotype C [10, 12] .
Multiple genotypes and/or sequence types were isolated from the skin of fi ve dogs (one from Group 1 and four from Group 2) ( Table 1) .
Isolates of genotypes A and C were obtained in culture from skin samples of dogs from both Group 1 and Group 2, with genotype A as the most prevalent in both groups ( P Ͻ 0.05). No statistically signifi cant difference in the prevalence of genotypes was detected among groups.
ITS-1 sequence type A2 I and C1 I were detected only in dogs of Group 2. No signifi cant differences were detected between M. pachydermatis genotypes or ITS-1 sequence types and grades of skin damage or hyperpigmentation (Table 1) . Nonetheless, M. pachydermatis ITS-1 sequence types A2 I were most frequently isolated from dogs with severe skin damage (ജ 16), but no relationship with hyperpigmentation was observed. Malassezia pachydermatis ITS-1 sequence types C1 I was retrieved from only one dog with skin damage Ͻ 16 and mild hyperpigmentation (Table 1) .
All four M. pachydermatis sequence types, exclusively defi ned based on ITS-1, produced phospholipase. Overall, the number of M. pachydermatis isolates producing phospholipase was statistically lower for Group 1 than for Group 2 ( P Ͻ 0.05). No relationship was observed between phospholipase production and grades of skin damage in Group 2 dogs.
Discussion
The results of this study indicate that multiple genotypes/ sequence types of M. pachydermatis occur on the skin of dogs with and without dermatitis in Brazil, and that they may, as previously reported, be retrieved from the same animals [7, 8, 10] .
In particular, genotype A was the most prevalent in both groups, while genotype C was the least frequently encountered. These results are not consistent with those of previous reports in which the occurrence of genotype A was associated with otitis [9] or skin lesions [10] , while genotype C was linked with healthy skin sites of dogs with localized lesions [10] . This discrepancy may be due to the fact that the sampling procedure employed in the present study differs from previously reported methods, in which different areas of the same animal were sampled in order to differentiate Malassezia genotypes at different skin sites [10] .
Since different Malassezia genetic-types could be associated with particular biochemical composition of the skin surface [12] , the occurrence of multiple genetic variants of M. pachydermatis on the skin of an individual host might support the hypothesis that either Malassezia spp. may have a sexual reproductive phase [12, 14] or the possibility of polyclonal infections (mixed infections by different strains of the same pathogenic species).Again, the evidence that all ITS-1 sequence types are equally distributed among dogs with diverse grades of skin damage and hyperpigmentation (i.e., Group 2) in the present study indicates that there is no association between M. pachydermatis genetics and clinical disease. The skin hyperpigmentation in dogs has usually been associated with the chronicity and severity of the lesions [15] and/or to the possibility of melanin-like pigment production by Malassezia spp. [16] . Thus, the association of M. pachydermatis sequence types with clinical presentation and/or presence of hyperpigmentation [16] could be ruled out. Furthermore, the fi nding of sequencetype A2 I only in dogs with skin lesions suggests that this type might have an association with skin damage, although the sample size studied may be too small for a defi nitive conclusion. Most phospholipase activity was associated with M. pachydermatis isolates recovered from dogs with skin lesions (i.e., Group 2) and supports the hypothesis of an association between phospholipase production and its pathological effect [3] . Nonetheless, although phospholipase activity was detectable in M. pachydermatis isolated from dogs with healthy skin (i.e., Group 1), it is possible that microscopic skin alterations were present in some individuals. The fact that all M. pachydermatis genotypes/ sequence-types produced phospholipase suggests that there is no relationship between genotype/sequence types and the activity of this enzyme as previously reported [12] .
Furthermore, these fi ndings support the possibility that M. pachydermatis phospholipase production and the occurrence of skin lesions might be linked to β-endorphin and/ or to the chemical composition of the skin [10, 17] , which in turn may regulate the expression mechanisms of the opioid receptor on M. pachydermatis cells [17] . However, no difference was detected in the relationship between grades of skin damage and phospholipase production. These data suggest that although phospholipase activity may play a role in the occurrences of skin diseases, it does not seem to be related to the severity of skin lesions.
Interestingly, only M. pachydermatis genotypes A and C were retrieved from dog skin is Brazil, whereas genotypes D and B were previously reported on dogs in Japan and Europe [8, 10] .
In conclusion, the data obtained in the present study suggest that specifi c Malassezia identifi cation is possible using LSU, ITS1, chs-2 genes. However, these loci might not be suitable to address the questions regarding transmission or virulence because they might not be variable enough to study population sub-structuring. Furthermore, the data also suggest that the distribution patterns of particular M. pachydermatis genotypes on the skin of dogs can vary depending on individual predisposition. This distribution pattern might be related to a complex interaction between Malassezia and skin microenvironment. In fact, it is likely that a range of micro-environmental factors on skin Table 1 Number and percentage (in brackets) of Malassezia pachydermatis sequence types for each gene (i.e., LSU, ITS-1, and chs-2 designated by subscripts L, I and C, respectively) occurring on healthy dogs and dogs with skin lesions. Dogs with skin lesions were also divided according to the grade of severity of skin damage (i.e., (including bacterial fl ora, pH, salts, immune response, biochemistry and physiology) play a signifi cant role in the adherence, establishment and growth of this yeast [18] . In addition, it has been speculated that Malassezia has the paradoxical ability to both stimulate and suppress the immune response directed against it, which is manifested as a balance between commensalism and pathogenicity [6] . Again, it has been demonstrated that the biochemical composition of canine skin may differ, depending on skin site and its health and integrity [5] , and that it might infl uence the pathogenetic role of M. pachydermatis [17] . Finally, the absence of genotype B in dogs from Brazil might suggest that the occurrence of distinctive genotype assemblages is related to environmental and ecological factors according to the geographical area.
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